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Abstract 
 

Lead (Pb), chromium (Cr) and cobalt (Co) were investigated in 160 local and imported meat samples of cattle and buffalo 

collected from markets of Mosul city by using Atomic Absorption Spectrophotometer (AAS). Results reported mean 

concentrations of Pb and Cr in local cattle meat 0.136 and 0.0651 mg/kg, respectively significantly higher than that reported 

for Co 0.008 mg/kg. In imported cattle meat, results revealed that Pb presented a mean concentration 0.182 mg/kg significantly 

higher than that presented by Cr and Co 0.0486 and 0.00971 mg/kg, respectively. No significant differences in the mean 

concentrations of Pb, Cr and Co in local buffalo meat 0.119, 0.0896 and 0.017 mg/kg, respectively, and imported buffalo meat 

0.106, 0.102 and 0.041 mg/kg, respectively, were reported. The results revealed that 20% from each local cattle and buffalo 

meat samples, 12.5% from imported cattle meat and 22.5% from imported buffalo meat were exceeded the maximum 

permissible limit for lead in meat. Concerning Cr, 2.5% from imported cattle meat and 5% from each of local and imported 

buffalo meat surpassed the maximum acceptable limit. Ultimately, results showed that all samples of local and imported cattle 

and buffalo meat were within the maximum allowable limits for Co. The hazards of metals on public health was discussed.  
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 من أسواق مدينة الموصل الكشف عن الرصاص والكروم والكوبلت في لحوم األبقار والجاموس
 

 2و أحمد سعدي 1رنا عوني فرج، 1رعد عبد الغني السنجري ،1هبة صالح الدين النعيمي
 

 ، كلية التربية األساس، جامعة الموصل، الموصل، العراقعامةعلوم الالفرع  2ي، فرع الصحة العامة البيطرية، كلية الطب البيطر 1
 

 الخالصة
 

باستخدام  األبقار والجاموس المحلية والمستوردةلحوم عينة من  160الرصاص والكروم والكوبلت في تواجد تناول البحث التحري عن 

و  0.133 جهاز قياس طيف االمتصاص الذري. سجلت النتائج ارتفاعا معنويا في معدالت تركيز كل من عنصري الرصاص والكروم

في معدل  ارتفاعا معنويا وأظهرت النتائج ،ملغم/ كغم في لحوم األبقار المحلية 0.008 مقارنة بالكوبلت، على التوالي، ملغم/ كغم 0.0651

في لحوم األبقار على التوالي  ،ملغم/ كغم 0.00971و  0.0486 ملغم/ كغم مقارنة بالكروم والكوبلت 0.182 تركيز الرصاص

 لمستوردة. سجلت النتائج عدم وجود فروقات معنوية في معدالت تركيز الرصاص والكروم والكوبلت في لحوم الجاموس المحليةا

أظهرت النتائج  على التوالي. ملغم/ كغم 0.041و  0.102، 0.106 والمستوردةعلى التوالي  ملغم/ كغم 0.017و  0.0896، 0.119

من لحوم الجاموس المستوردة قد  %22.5 من لحوم األبقار المستوردة و %12.5و  من لحوم األبقار والجاموس المحلية %20 بأن

 من %2.5 بلغت نسبة العينات المتجاوزة للحدود المسموح بها للكروم في اللحوم اللحوم.الحدود العليا المسموح بها للرصاص في  تجاوزت

األبقار  ي كل من لحوم الجاموس المحلية والمستوردة. أخيرا أظهرت النتائج أن جميع عينات لحومف %5 لحوم األبقار المستوردة و

المرتبطة بتواجد هذه المعادن في . تم مناقشة المخاطر للكوبلت في اللحوموالجاموس المحلية والمستوردة تقع ضمن الحدود المسموح بها 

  .لمستهلكي هذه اللحومعلى الصحة العامة  اللحوم
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Introduction 
 

Meat is an excellent source of high-quality protein, as it 

provides all essential amino acids necessary for growth and 

maintenance of our bodies. It is also a valuable source of 

many vitamins, minerals and trace elements, specially 

vitamins B3, B6 and B12, in addition to iron, zinc and 

selenium (1,2).  

Despite of that meat comprises an important part of 

human diet, but may constitutes a real threat to human 

health at the same time when polluted with many hazardous 

chemicals as heavy metals even in very little quantities (3). 

Heavy metals are permanently liberated to ecosystems, both 

terrestrial and aquatic, as a consequence of various human 

activities.  

Cattle and buffalo can be subjected to these metals 

primarily through drinking water and feed (4). Heavy 

metals contamination of meat constitutes a significant 

hazard on human health due to their toxicity and 

bioaccumulation in human diets (5,6). 

 Lead has no any recognized biological role in the body. 

It can adversely affect multiple systems of human body, 

mainly as a result to interference with wide range of 

enzymes and finally causing serious disorders on central 

nervous, hepatic, hematopoietic, reproductive, 

cardiovascular, endocrinal, gastrointestinal and renal 

systems (7). Both chromium and cobalt are essential trace 

metals for humans. Excessive intake of these metals 

exceeding the acceptable limits can cause many severe 

adverse effects on human health (8).  

Contamination of meat and other edible tissues with 

heavy metals is a matter of great concern for food safety 

and human health (9). For this reason, investigation metals 

level in meat and other edible organs obtained from 

different animal species were conducted in Iraq (10-12).  

In addition to the studies conducted worldwide which 

highlighted the risks originated from presence of these 

metals in meat and other products of animal origin which 

occupy a special importance in human food (13-15). 

Furthermore, the instances of meat products contamination 

with heavy metals during processing were reported (16). 

Due to the urgent need for a local database and risk 

assessment studies related to the potential threats 

originating from contamination of human food of animal 

origin with heavy metals, we offered this study to 

investigate some of these metals Pb, Cr and Co in local and 

imported cattle and buffalo meat, that comprise a serious 

human health hazard, when they above the maximum 

permissible limits in meat. 

 

Materials and methods 

 

A total of 160 local and imported cattle and buffalo 

meat samples (40 samples for each) were randomly 

obtained from local markets and butcher shops in Mosul 

city, northern Iraq from February to May 2013. The 

samples were placed in polyethylene bags and immediately 

transported to the laboratory under refrigerated conditions. 

The samples were stored at -18ºC until required after 

removing of gross fat, main blood vessels and connective 

tissue (17).  

Meat samples were triturated and homogenized 

inconformity with the method described by (18). Each 

homogenized sample 5 g were wet digested with 35 ml of a 

mixture of high purity concentrated HNO3: HClO4 (6:1 v/v) 

according to (19). After digestion, slow evaporation for the 

colorless liquor obtained to near dryness. The residue was 

cooled and dissolved in 5 mL of nitric acid 20%, then 

diluted with the deionized water to 25 ml. Lead, chromium 

and cobalt were measured using Atomic Absorption 

Spectrophotometer (GBC SensAA).  

Laboratory glassware was firstly cleaned with distilled 

water, drenched for 48 hours in nitric acid 10%, then 

swilled with deionized water for several times and finally 

air dried. All the reagents used in this study were of 

analytical grade. The commercial standards for atomic 

absorption analysis were used which contained the minerals 

analyzed in a high pure state. Calibration of the instrument 

with the standards of studied metals were performed before 

introducing of the sample digest. A recovery test was 

achieved by inoculating selected analyzed samples with 

definite concentrations of studied metals, and the samples 

were reanalyzed. Each analysis was performed in triplicate.  

Statistical analysis was performed depending on Two 

Way Analysis of Variance procedure of the statistical 

program, Sigma Stat for windows Version 3.10 (20). 

Duncan ̓s Multiple Range Test was accomplished for means 

comparison at P<0.05 (21).  

 

Results 

 

Results related to occurrence of studied metals in local 

and imported cattle meat samples showed range and mean 

concentrations of Pb, Cr and Co in local cattle meat 0.016-

2.11 (0.136), 0.013-0.92 (0.0651) and 0.002-0.089 (0.008) 

mg/kg, respectively, whereas Pb and Cr presented the 

higher significant levels. In imported cattle meat, results 

reported range and mean concentrations of the 

aforementioned metals 0.012-2.34 (0.182), 0.004-1.65 

(0.0486) and 0.004-0.21 (0.00971 mg/kg), respectively, 

where Pb showed the higher significant level. No 

significant differences between local and imported cattle 

meat in their metals content were reported (Table 1).  

Results concerning Pb, Cr and Co levels in local and 

imported buffalo meat were illustrated in table 2. In local 

buffalo meat, results showed range and mean 

concentrations of Pb, Cr and Co 0.01-3.03 (0.119), 0.009-

2.03 (0.0896) and 0.002-0.15 (0.017) mg/kg, respectively. 
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Samples obtained from imported buffalo meat presented 

Pb, Cr and Co range and mean concentrations of 0.014-2.66 

(0.106), 0.016-1.74 (0.102) and 0.003-0.1 (0.041) mg/kg, 

respectively. Results of statistical analysis showed no 

significant differences in the mean concentrations of Pb, Cr 

and Co within the same meat type local or imported, and 

between local and imported buffalo meat in their metals 

content (Table 2). Also, no significant differences between 

cattle and buffalo meat (local and imported) in their content 

of studied metals were reported (Table 3 and 4).  

  

Table 1: Range and mean concentrations (mg/kg) of lead, chromium and cobalt in local and imported cattle meat 

 

Meat type  
Samples 

No. 

Pb Cr Co 

Range Mean ± SE Range Mean ± SE Range Mean ± SE 

Local 40 0.016-2.11 0.136±0.0552 a 0.013-0.92 0.0651±0.0244ab 0.002-0.089 0.008±0.0021b 

Imported 40 0.012-2.34 0.182±0.0711a 0.004-1.65 0.0486±0.0411b 0.004-0.21 0.00971±0.0051b 

Vertically and horizontally different letters are significantly different at P<0.05. 

 

Table 2: Range and mean concentrations (mg/kg) of lead, chromium and cobalt in local and imported buffalo meat 

 

Meat type  
Samples 

No. 

Pb Cr Co 

Range Mean ± SE Range Mean ± SE Range Mean ± SE 

Local 40 0.01-3.03 0.119±0.0752a 0.009-2.03 0.0896±0.0567a 0.002-0.15 0.017±0.0040a 

Imported 40 0.014-2.66 0.106±0.0659a 0.016-1.74 0.102±0.0515a 0.003-0.1 0.041±0.0043a 

Vertically and horizontally different letters are significantly different at P<0.05. 

 

Table 3: Comparison between local cattle and buffalo meat 

in their contents of lead, chromium and cobalt 

 

Animal 

species 

Mean ± SE (mg/kg) 

Pb Cr Co 

Cattle 
0.136 

± 0.0552 a 

0.0651 

±0.0244 a 

0.008 

±0.00212 a 

Buffalo 
0.119 

±0.0752 a 

0.0896 

±0.0567 a 

0.017 

±0.00404 a 

Vertically similar letters are not significantly different at 

P<0.05. 

 

Distribution of Pb in 160 samples of local and imported 

cattle and buffalo meat (40 samples for each) (Figure 1). 

Eight samples from each local cattle and buffalo meat 20% 

were exceeded the maximum acceptable limit proposed by 

European Union (EU) for lead in meat 0.1 mg/kg. Also, 

five samples of imported cattle meat 12.5% and nine 

samples of imported buffalo meat 22.5% were higher than 

the permissible limit.  

Concerning Cr, samples exceeded the maximum 

allowable limit for Cr (Figure 2), which reported that from 

40 samples of each meat type, only one sample of imported 

cattle meat 2.5% and 2 samples from each of local and 

imported buffalo meat 5% were exceeded the maximum 

permissible limit for Cr in meat as proposed by the United 

States Department of Agriculture (USDA) 1 mg/kg. 

Finally, results recorded that all samples of cattle and 

buffalo meat (local and imported) were within the 

maximum acceptable limits for Co according to Food and 

Agriculture Organization/ World Health Organization 

(FAO/WHO) 1mg/kg. (Figure 3).  

 

Table 4: Comparison between imported cattle and buffalo 

meat in their contents of lead, chromium and cobalt 

 

Animal 

species 

Mean ± SE (mg/kg) 

Pb Cr Co 

Cattle 
0.182 

±0.0711 a 

0.0486 

±0.0411 a 

0.00971 

±0.00514 a 

Buffalo 
0.106 

±0.0659 a 

0.102 

±0.0515 a 

0.041 

±0.00431 a 

Vertically similar letters are not significantly different at 

P<0.05. 

 

 
 

Figure 1: Occurrence of Pb (mg/kg) in cattle and buffalo 

meat 
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Figure 2: Occurrence of Cr (mg/kg) in in cattle and buffalo 

meat 

 

 
 

Figure 3: Occurrence of Co (mg/kg) in in cattle and buffalo 

meat 

 

Discussion 

 

Heavy metals residues have acquired particular concern 

due to these metals cannot be disintegrated and exist 

permanently in the environment (22). For this reason, 

contamination of human food with these metals at toxic 

levels is certainly constitutes a serious problem for human 

health.  

Results reported that Pb presented the higher levels, 

then Cr whereas Co showed the lowest levels in both local 

and imported meat of cattle and buffalo. These results were 

in agreement with the results of the study reported by Abd 

EI-Salam and coworkers (23), which revealed that Pb, Cr 

and Co levels in cattle and buffalo meat were 2.7, 0.3 and 

0.138 and 3.25, 0.488 and 0.05 mg/kg, respectively. Also, 

results were accommodating with the results recorded by 

Nkansah and Ansah (14) which stated that Pb was 

presented in meat at levels 0.237 - 1.154 mg/kg higher than 

that for Cr 0.0472 - 0.957 mg/kg. On the other hand, results 

were in contrast with the results offered by Yakup and 

colleagues (12) who showed that Pb was detected in cattle 

and buffalo meat at concentrations 0.702 and 0 mg/kg, 

respectively lower than those found for Co 1.042 and 0.497 

mg/kg, respectively.  

These variations in Pb, Cr and Co levels in meat were 

attributed to several factors including dietary habits, water 

and feed sources, place and age of animals, butcher shop 

place, meat origin, conditions of meat transportation and 

offering, in addition to other environmental conditions (13). 

No significant differences between meat of cattle and 

buffalo (local and imported) in their content of Pb, Cr and 

Co were recorded. Our study was in coincide with the 

studies mentioned by (24,25) which revealed that Pb 

concentrations in cow’s and buffalo’s meat was not 

significantly different. Results were incompatible with (23) 

who showed significant differences between cattle and 

buffalo meat in their metals content of Pb, Cr and Co.  

 

Conclusion 

 

Our study exposed substantial information about Pb, Cr 

and Co levels in local and imported cattle and buffalo meat. 

Although all meat samples were within the maximum 

permissible limits for Co, but special attention should be 

focused about Pb and Cr levels in meat as they present at 

levels higher than the tolerable limits in some meat 

samples. Strict legislations should be adopted concerning 

heavy metals levels in meat and other foodstuffs in order to 

provide safe products to the consumers. 
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